Candida albicans is an opportunistic pathogen which commonly infects immunocompromised hosts (1) (2) (3) (4) (5) (6) 11) . Recently, with the development of systems to differentiate among C. albicans strains (7, 9, 12, 13 ), epidemiological studies have become possible as a means to understand such opportunistic infections. The C. albicans biotyping system described by Odds and Abbott (7) is an excellent differentiation system which unfortunately has some limitations. Specifically, both the methods of preparing yeast cell suspensions and inoculating the fungi onto the agar require the use of custom-built devices which makes the system costly and inconvenient. Our laboratory has developed alternatives for both the preparation of inocula and the inoculation method using commercially available materials, resulting in greater convenience and reduction of the cost. This paper not only discusses these modifications but also shows the reproducibility of these altered techniques.
The Odds and Abbott C. albicans biotyping system consists of assessing the growth of the test strain on nine agar plates of various biochemical compositions. This system determines pH 1.4 and salt tolerance; flucytosine, borate, and safranine resistance; production of proteinase; and assimilation of urea, sorbose, and citrate. The nine biochemical tests are grouped in sets containing three tests each. A positive result for each test is assigned a specific numerical value. The summation of these values from each set results in a 3-digit biotype number (5, 7, 8 (7) . As shown in Fig. 1 , the Clonemaster delivered not only well-defined clusters of colonies but also uniform inocula. A triplicate set of one strain could be easily b Results from reference 7. C Boric acid resistance was not included in the original system (7, 8) .
determined, and each strain had a characteristic growth pattern.
To test the reproducibility of results with this modified technique, the 18 reference strains were repeatedly inoculated onto all media. Over a 6-month period, a total of 10 replications were made for most agar plate tests using four different batches of test media. Safranine resistance data were the only results based on only seven replicates with three different batches of this medium. Two sets of concentrates were used to prepare the four different batches of test media for all tests except for safranine resistance. All concentrates were frozen at -70°C after preparation. At the time of use, the concentrate was thawed to 25°C and added to nine parts sterilized 2.2% Bacto-Agar (Difco Laboratories, Detroit, Mich.) maintained at 56°C. Concentrate stored for as long as 6 months at -70°C gave consistent results between replications. The frozen concentrates also gave repeatable data when compared with freshly prepared concentrates.
To assess the reproducibility of this modified inoculating method, the percent probability between replicates (P) was calculated by the method of Sneath and Johnson (10) . The calculated P values from this laboratory were compared with P values from the original paper by Odds and Abbott. In their work, P values were calculated from data of 92 strains based on six replicates with three different batches of test media (7) . As shown in Table 1 , the P values for the 18 strains tested in this laboratory were close to or under 5%, except for two of the most difficult agar plate tests, citrate assimilation and safranine resistance. Within a laboratory, a value of 5% or below for any given test is considered good reproducibility (10) . A test with a P value of greater than 10 to 15% should be considered for rejection (10) . In comparison to the study of Odds and Abbott, the P values overall from this laboratory using the modifications in suspending and inoculating yeast cells were lower, except for two tests, flucytosine and safranine resistance. In both laboratories, the flucytosine test is highly reproducible. The safranine resistance test showed low reproducibility in our hands, as it has for other laboratories (F. C. Odds, personal communication). These results, coupled with the difficulty in preparing the safranine media, suggest that substituting another test for this resistance test would improve the biotyping system.
In conclusion, the processes of suspending yeast cells and inoculating these cells onto test media were modified to VOL. 27, 1989 on September 7, 2017 by guest http://jcm.asm.org/ Downloaded from make this system more readily available and more economically feasible. The results of these modified methods indicate high consistency of yeast cell inocula and excellent reproducibility. These changes in methods improve the biotyping system and should allow for easier establishment of this system in other laboratories.
